Fish in T4 were fed compounded feed at 5% of body weight, while those in T1, T2 and T3 were fed on chicken manure and spilled feed that fell directly into the ponds. The ponds were sampled monthly and fish growth and water quality parameters were measured accordingly. Results of the experiment showed that tissue metal concentrations for both species were lowest in the muscles and highest in the kidney and liver. Final metal concentrations in the muscles of both fish species in T1 and T4 were below FAO (1983) and EU (2001) the limits and the consumption of fish muscle from such systems is considered safe. However, there is risk of Pb concentrations accumulating above the recommended levels in C. gariepinus at 3000 chickens/ha and above.
INTRODUCTION
Integrated chicken-fish farming (ICFF) is a low-cost system of fish production which involves the combination of chicken farming with fish culture where the wastes (manure and spilled feed) from the chicken sub-system become an input into the fish sub-system (Sinha, 1985; Nnaji et al., 2009) . It leads to a more efficient land and water utilization, effective waste recycling, reduction in operational costs and more income for small farmers which invariably lead to higher standards of living (Rancis et al., 2004) . However, there are health risks to humans and aquatic organisms from the use of livestock wastes in fish production through the possible introduction of *Corresponding author. E-mail: dozis03@yahoo.com. Tel: +2348067711846.
pathogens (Garrett et al., 1997; FAO, 2003; FAO/OIE/WHO, 2005) . Edwards (2008) stated that fish and plants passively accumulate microbial contaminants on their surfaces, but these rarely penetrate into edible fish flesh or muscle except for trematodes (parasitic tissue flukes). Parasites may also affect the health of fish since they can reduce fish growth rate, resistance to disease and cause fish mortalities.
Another important, but largely neglected health risk is the possible transfer of toxic heavy metals from fish to man in the livestock-fish system. While there is a lot of literature on disease risk in ICFF, little literature exist on heavy metal accumulation in the system. Jackson et al. (2003) stated that poultry litter and animal wastes in general contain high concentrations of some trace elements and due to the persistence and toxicity of heavy metals, it is important that their profile in the system is studied and monitored regularly. Heavy metals are contained in both the spilled chicken feed and manure and these are consumed by fish with the possible accumulation of these metals above desirable limits if fish is cultured in such systems, especially for long periods of time. Heavy metals like arsenic (As), zinc (Zn) and copper (Cu) are also added as feed supplements to boost poultry production and they may accumulate in the animals which is also transferred to aquatic systems when poultry is integrated with fish. Cang et al. (2004) , in a study of poultry and livestock feeds and manure in Jiangsu province, China, reported that Cu, Zn, lead (Pb), Cadmium (Cd) and Chromium (Cr) concentrations in animal manures were high with Cu concentration in a manure sample as high as 1726.3 mg/kg. Alexieva et al. (2007) studied 152 samples of feed ingredients and compounded feed for pigs and poultry in Bulgaria and found that Pb and Cd levels of feeds were higher than the current European official regulations. This study aims to determine heavy metal loads in fish cultured in an ICFF system for a period of 12 months.
MATERIALS AND METHODS

Study area and site
New Bussa, Niger State, is in the semi-arid zone of Nigeria and is located between latitude 9° 51'N to 10° 55' N and longitude 4° 23'E to 4° 45'E. It has a tropical continental climate characterized by a shorter wet season (May to September) and a longer dry season (October to April) with a temperature range of 15°C to nearly 40°C. Higher temperatures are usually experienced between the months of February and April (the hot season) which is within the dry season period. Annual rainfall is about 1000 mm and the town is bordered by the Kainji Lake created by the damming of River Niger at Kainji. The experimental site was located at the Fish Farm of the National Institute for Freshwater Fisheries Research (NIFFR), New Bussa. NIFFR has a national mandate to research on all aspects of freshwater fisheries.
Experimental design
Eight earthen ponds, each of area 20 m 2 and depth 1.5 m, were constructed by excavation and six chicken sheds (floor area: 2 × 1 m) were constructed over six ponds with wood. The sheds were 1 m above the ponds and the sides of each chicken shed were covered with wire mesh while the floors were made with iron rod mesh. Treatment 1 (T1) consisted of a pond integrated at the rate of 2,000 laying chickens/ha; treatment 2 (T2) consisted of 3,000 laying chickens/ha; treatment 3 (T3) consisted of 4,000 laying chickens/ha and treatment 4 (T4) is the control treatment without integration. Each pond was stocked with a polyculture of Oreochromis niloticus and Clarias gariepinus in a ratio of 3:1 and a stocking density of 8 fingerlings/m 2 . Point-of-lay chickens (NERA Brown strain, 18 week old) were also stocked in the sheds. Fish in T4 were fed commercial floating fish feed (41.30 to 42.80% crude protein content) twice daily at 5% of their body weight while fish in T1, T2 and T3 feed on fresh chicken manure and spilled chicken feed that fell directly into the ponds.
Sampling and analyses
Faecal droppings and spilled chicken feed were collected Nnaji et al. 87 separately for a period of 24 h weekly and were weighed. The monthly average of these weekly measurements gave the daily manure and spilled feed loading rates for each treatment. Analytical grade reagents and chemicals were used for this study. Distilled-deionised water was also used in all relevant analyses. All analyses were done in triplicate. Procedural and reagent blanks were used and a clean laboratory environment was ensured during the analysis and preparation of solutions. Glassware and plastic containers were washed with liquid soap, rinsed with distilled water and then soaked in 10% HNO3 solution for 24 h (Todorovic et al., 2001 ) and dried in a drying oven at 80°C for 5 h. Proximate analyses (moisture, crude protein, crude fat, crude fibre, nitrogen free extract and ash contents) of fish feed, chicken feed and air dried chicken manure were done monthly according to FAO (1994) . Moisture and organic matter content of manure were determined monthly with the methods of Xing et al. (2008) , pH and conductivity were determined with the methods of Igua and Huasi (2009) ; total nitrogen was analysed according to Bremner (1965) and Ademoroti (1996) , while total phosphorus content of fresh manure was determined with the method of Agbenin (1995) .
Water samples for physico-chemical analysis were collected at a depth of 10 cm with acid washed polyethylene bottles, while fish samples were collected with a drag net, the scales were removed and they were washed with clean water before analyses. Sample collection was between 6 and 8 am in the morning. A total of 40 O. niloticus and 20 C. gariepinus samples were cropped from each pond during each sampling period. Weights of fish were measured with analytical balance. Temperature and pH of water were measured with a pre-calibrated ATC portable pH/temperature meter (model PH-009 (III)). Conductivity was measured with a ELE conductivity meter (model DA-1) while dissolved oxygen was determined with Hach dissolved oxygen meter (model 50175). Temperature, pH and DO were measured daily, while ammonia, nitrate and nitrite were determined monthly according to standard methods (APHA, 1998) .
Heavy metal analysis with flame atomic absorption spectrophotometry (FAAS)
The heavy metals of interest were Cd, Cr, Cu, Pb, manganese (Mn) and Zn. Aqueous stock solutions were prepared with the salts of these metals and six working standards were prepared in triplicate for each metal by serial dilution of the stock solutions. These and blank solutions were aspirated into a buck scientific atomic absorption spectrophotometer (model VGD 210). A calibration curve of absorbance versus concentration was prepared for each metal and used for the determination of metal concentrations in the samples. Fish samples were dissected immediately after collection and the organs of interest (muscle, gill, kidney, liver and gut) were separated. Fish organ samples were digested as described by Olaifa et al. (2004) , while chicken feed and manure samples were digested according to Bamgbose et al. (2000) . Standard conditions in line with the equipment manufacturer's recommendations were maintained throughout the FAAS analysis.
Statistical analysis
Statistical analysis was done using the SPSS (version 13.0) for windows software package. Mean concentrations and standard deviations were calculated for each parameter. The results were also subjected to analysis of variance (ANOVA) and means were compared using Duncan multiple range test. Pearson correlation analysis was also performed to analyse and confirm the relationship between the parameters and chicken manure and feed inputs. 6.754 g/day) in January. DMLR varied significantly (P < 0.05) among the treatments, but showed non-significant variation (P > 0.05) across the months. T1 had four chickens integrated over a pond, while T3 had eight chickens. DMLR in T3 was slightly more than the double of T1 across the months. Daily feed loading rates (DFLR) for the four treatments are also shown in Table 2 . The daily spilled feed loading rate (DSLR) for the integrated treatments depends on the activity and feeding rate of chickens, and the more active the chickens are, the more the amount of feed spilled. DSLR in T3 was significantly higher (P < 0.05) than that those of T1 and T2 across the months. DFLR for T4 was 5% of fish body weights calculated from the weights of fish measured during sampling. Figure 1 shows the mean weight gain (MWG) for both fish species in the twelve month experimental period. The highest MWG of 1100.95 g was recorded for C. gariepinus in T4 while the lowest (221.14 g) was recorded for O. niloticus in T1. MWG of C. gariepinus was significantly higher (P < 0.05) than that of O. niloticus in all the treatments. Organic fertilizer use has a long tradition in tropical semi-intensive aquaculture and it increases fish yields through soluble and/or particulate pathways (Knud-Hansen et al., 1993) . It is obvious from the mean weight gains (MWG) that the higher manure and spilled feed input into T2 resulted in the production of (Guerrero, 1985) . Water temperatures in the experiment were generally within this range, except in the months of December and January (the harmattan period) when temperatures were sometimes below the lower limit in all the treatments. In addition, water temperatures were sometimes above the upper limit in T1 and T2 in the month of March. C. gariepinus can grow and survive within a range of 23 to 35°C (UNEP, 1999) and temperature values were generally within this range.
Mean pH ranged from 6.41 to 7.99 in T1 and from 6.52 to 7.91 in T2. The lowest pH value in T3 was 6.56, while the highest value was 8.68. In T4, pH range was 6.15 to 7.80. The highest pH value in the experiment (8.68) was recorded in T3, while the lowest value of 5.26 was in T1 both occurring in the month of September. pH was not significantly affected (P > 0.05) by the treatments. Optimum pH for freshwater fish is 6.5 to 9 (Boyd, 1998) . In this experiment, there were no great swings in pH and the ranges were generally within the 6.5 to 9 pH range recommended for warm water aquaculture. However, pH in all the treatments were sometimes below this optimum range in the month of September with T1 having the lowest experimental pH value 5.26 in September.
Mean dissolved oxygen (DO) values had ranges of 4.46 to 7.80, 3.30 to 8.17, 3.46 to 7.09 and 4.76 to 8.05 mg/L for T1, T2, T3 and T4, respectively. The lowest DO value of 3.30 mg/L was obtained in T2 in the month of September, while the highest value of 8.17 mg/L occurred in the same treatment in October. DO was affected significantly (P < 0.05) by the treatments (manure and spilled loading rates) and they were generally lower in T3 than in all other treatments. There is negative correlation between manure loading rate and DO level inT1 (r = -0.333), T2 (r = -0.235) and T3 (r = -0.518), but positive correlation existed between feed loading rate and DO (T1, r = 0.192; T2, r = 0.151; T4, r = 0.204). However, feed loading rate and DO were negatively correlated (r = -0.369) in T3. According to Swann (1990) , dissolved oxygen (DO) is by far the most important chemical parameter in aquaculture. Low-dissolved oxygen levels are responsible for more fish kills, either directly or indirectly, than all other problems combined. Warm water fish require DO ≥ 5 mg/L for good growth and reproduction (Swingle, 1969) . However, DO values in the experiment were in many cases, less than this benchmark in the integrated treatments. This scenario was more prominent in the months of December, January, March and September.
Total nitrogen (TN) had a range of 0.561 to 8.031 mg/L (mean 5.023 ± 2.368 mg/L) in T1 and a range of 0.470 to 11.120 mg/L (6.276 ± 3.396 mg/L) in T2. T3 had a TN range of 0.385 to 15.280 mg/L (mean 9.722 ± 5.275 mg/L), while T4 had a range of 0.435 to 7.010 mg/L (mean 4.003 ± 2.112 mg/L). TN was significantly affected (P < 0.05) by the treatments with higher values in T3 as compared to other treatments. Manure loading and TN were positively correlated in all the treatments with significant relationships in T3 (r = 0.623, P < 0.01). Nitrate range for T1 was 0.230 to 6.530 mg/L (mean 4.363 ± 2.138 mg/L) and 0.200 to 10.130 mg/L (mean 5.619 ± 3.199 mg/L) in T2. T3 had a range of 0.250 to 14.930 mg/L and a mean value of 8.618 ± 4.897 mg/L. Range and mean for T4 were 0.210 to 6.120 and 3.218 ±1.628 mg/L, respectively. The values for T4 were significantly lower (P < 0.05) than those of the integrated treatments. Nitrate concentration is rarely a problem in aquaculture. However, nitrate concentration is a pointer to abnormal levels of organic matter in fish ponds. In this study, the range for nitrate content in T3 exceeded the 2 to 10 mg/L range recommended by Boyd (1998) for aquaculture. This may point to too much manure and spilled feed load in the treatment.
Nitrite concentration ranged from 0.019 to 0.140 mg/L in T1 with a mean value of 0.070 ± 0.037 mg/L and from 0.022 to 0.223 mg/L (mean 0.107 ± 0.064 mg/L) in T2. The range for T3 was 0.018 to 0.319 mg/L (mean 0.152 ± 0.099 mg/L), while T4 had a nitrite range of 0.010 to 0.105 mg/L (mean 0.054 ± 0.029 mg/L). Nitrite concentration was affected significantly (P < 0.05) by treatment. The blood pigment, haemoglobin transports oxygen from the gills of fish to the body tissues where it is exchanged with carbon dioxide. Abnormal levels of nitrite in a fish ponds interferes with this process, because nitrite oxidizes haemoglobin to methemoglobin which cannot transport oxygen leading to the disease called methemoglonamia which in acute cases, results in asphyxiation of fish. In the experiment, Nitrite concentration for the month of September in T3 exceeded the recommended benchmark of <0.3 mg/L by Boyd (1998) , but the concentration in all the treatments exceeded the <0.1 mg/L recommended by UNEP (1999) especially towards the end of the experiment.
Values for free ammonia concentration in water samples from each treatment indicates that it ranged from 0.012 to 0.074 mg/L in T1 and from 0.015 to 0.107 mg/L in T2. In T3 and T4, it had ranges of 0.020 to 0.156 and 0.009 to 0.062 mg/L. Mean values for ammonia Each value represents the mean and standard deviation for three replicates. concentration were 0.046 ± 0.021, 0.059 ± 0.031, 0.084 ± 0.046 and 0.032 ± 0.018 mg/L for T1, T2, T2 and T4, respectively. Ammonia concentration was significantly lower (P < 0.05) in the control (T4) compared to the integrated treatments. Unionized ammonia (NH 3 ) is produced in aquatic systems through direct excretion by fish and the decay of organic matter like manure and uneaten feed. At low levels (<0.1 mg/L NH 3 ) it is a strong irritant, especially to the gills of fish, but prolonged exposure to sub-lethal levels can lead to skin and gill hyperplasia and bacterial gill disease (Fishdoc, 2008) . In this study, the concentration in T3 exceeded the <0.1 mg/L recommended value for fish culture from June to September. This may explain the relatively high mortality rate of O. niloticus in T3. Islam et al. (2007) , who in a study of three layer and broiler feeds in Bangladesh, found substantial levels of heavy metals in these feeds with ranges of 0.1852 to 0.0232 ppm for Cd; 20.6498 to 0.6019 ppm for Pb; 5.7875 to 0.0926 ppm for Cr; 302.2001 to 0.0695 ppm for Mn; 37.5725 to 0.0463 ppm for Cu and 422.3023 to 0.0232 ppm for Zn. Zn concentrations in this study were similar (P > 0.05) to Mn concentrations, but were significantly higher (P < 0.05) than the concentrations of other metals. Cd concentrations were the lowest in chicken feed samples. The profile for metal contents in chicken feed across the months was Mn>Zn>Cu>Pb>Cr>Cd.
Cd in fish feed ranged from 0.537 to 0.744 mg/kg (mean 0.632 ± 0.088), while Cr ranged from 1.688 to 3.114 mg/kg (mean 2.502 ±0.453). Cu had a range of 3.641 to 5.662 mg/kg (mean 4.754 ± 0.615), Pb had a range of 2.313 to 3.300 mg/kg (mean 2.742 ± 0.517), Mn had a range 18.310 to 21.465 mg/kg (mean 19.936 ± 1.035) and Zn had a range of 77.009 to 88.713 mg/kg (mean 80.729 ± 3.346). Zn concentrations were significantly higher (P < 0.05) than the concentrations of other metals in fish feed. The general profile for metal contents in fish feed Metal contents in fresh chicken manure samples are shown in Table 6 Metal concentrations in fish samples were December, three months after stocking were stocked as fingerlings and were allowed to grow to a size that will enable the dissection and collection of adequate quantities of each tissue. Cd concentration in O. niloticus muscle ranged from 0.003 to 0.020 mg/kg in T1, while gill concentration ranged from 0.012 to 0.036 mg/kg. Concentration in the kidney had a range of 0.019 to 0.045 mg/kg, while concentrations in liver and gut were 0.011 to 0.035 mg/kg and 0.005 respectively. Cd concentrations were highest in the kidney and lowest in the muscle in T1. The range of Cd concentrations in T2 were; muscle, 0.003 gill, 0.016 to 0.040 mg/kg; kidney liver, 0.014 to 0.057 mg/kg and gut, 0.007 Final Cd concentration in T2 was highest in the liver and lowest in the muscle. Concentration ranges in T3 were; muscle, 0.005 to 0.030 mg/kg; gill, kidney, 0.028 to 0.063 mg/kg; liver and gut, 0.013 to 0.051 mg/kg. Cd liver concentrations were generally higher than others with lowest values occurring in the muscle. T4 received only compounded fish feed and Cd concentrations were; 0.002 mg/kg for muscle; 0.004 to 0.017 mg/kg 0.016 mg/kg for kidney; 0.004 to 0.002 to 0.013 mg/kg for gut. Final Cd concentration was highest in the liver and lowest in the muscle. Muscle, gill, kidney, liver and gut concentrations were signif lower (P < 0.05) in T4 than in other treatments concentrations in T3 was significantly higher (P than in T1 and T2. Figure 2 shows the profile of final concentrations in the different treatments.
Ranges for Cr concentrations in the tissues of niloticus in T1 were; muscle, 0.012 0.017 to 0.052 mg/kg; kidney, 0.015 0.013 to 0.050 mg/kg and gut Final concentration was highest in the gill and low the kidney. In T2, Cr range was 0.014 the muscle, 0.019 to 0.064 mg/kg in the gill, 0.017 0.048 mg/kg in the kidney, 0.025 liver and 0.026 to 0.053 mg/kg were; muscle, 0.018 to 0.080 mg/kg mg/kg; kidney, 0.030 to 0.065 mg/kg mg/kg and gut, 0.027 to Nnaji et al. 93 months was Mn>Zn>Cu>Pb>Cr>Cd. In all the treatments, Mn and Zn concentrations were much higher than the concentrations of other metals and this may not be unconnected with high Mn and Zn concentrations in the chicken feed. Hanč et al. (2008) analysed chicken manure for metals and concluded that it contained 0.232 and 47.700 mg/kg of Cd and Cu, Khai et al. (2008) , in an experiment to determine the effect of chicken and composted manure on soil chemical properties, determined the concentrations of Cu, Zn, Cd and Pb in chicken manure as 48.5, 263.0, 3.4 and 25.3 mg/kg, respectively. These values are higher than those obtained in the present fish samples were analysed in December, three months after stocking, because the fish were stocked as fingerlings and were allowed to grow to a size that will enable the dissection and collection of adequate quantities of each tissue. Cd concentration in muscle ranged from 0.003 to 0.020 mg/kg in while gill concentration ranged from 0.012 to 0.036 mg/kg. Concentration in the kidney had a range of 0.019 while concentrations in liver and gut were and 0.005 to 0.035 mg/kg, respectively. Cd concentrations were highest in the kidney and lowest in the muscle in T1. The range of Cd concentrations in T2 were; muscle, 0.003 to 0.023 mg/kg; 0.040 mg/kg; kidney, 0.021 to 0.050 mg/kg; and gut, 0.007 to 0.040 mg/kg. T2 was highest in the liver and lowest in the muscle. Concentration ranges in T3 were;
; gill, 0.019 to 0.048 mg/kg; liver, 0.021 to 0.080 mg/kg 0.051 mg/kg. Cd liver concentrations were generally higher than others with lowest values occurring in the muscle. T4 received only compounded fish feed and Cd concentrations were; 0.002 to 0.007 0.017 mg/kg for gill; 0.005 to to 0.020 mg/kg for liver and for gut. Final Cd concentration was highest in the liver and lowest in the muscle. Muscle, gill, kidney, liver and gut concentrations were significantly 0.05) in T4 than in other treatments, while liver concentrations in T3 was significantly higher (P < 0.05) in T1 and T2. The highest concentrations were in the gill lowest were in the muscle and liver. Cr concentrations were significantly affected (P < 0.05) by treatments with the lowest values recorded for the T1 which receive lowest manure and spilled feed loading and highest values in T4, the control. Final Cr concentrations in liver and gut were similar (P > 0.05) in the integrated treatments, but differed significantly (P < 0.05) from the final value in the control (T4). Profile tissues.
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concentration in T4 ranged from 0.021 to 0.091 mg/kg; to 0.083 mg/kg; to 0.096 mg/kg. The highest concentrations were in the gill, while the lowest were in the muscle and liver. Cr concentrations 0.05) by treatments with the lowest values recorded for the T1 which received the lowest manure and spilled feed loading and highest values in T4, the control. Final Cr concentrations in liver 0.05) in the integrated treatments, but differed significantly (P < 0.05) from the Profile of final Cr concentrations under different treatments is Figure 3 . Ranges for Cu concentrations in the tissues of niloticus for T1 were; muscle, 0.264 to 0.640 mg/kg; kidney, 0.225 0.241 to 0.730 mg/kg and gut, concentration was significantly higher (P liver than in other tissues. In T2, ranges for Cu concentration were muscle, 0.330 0.409 to 0.885 mg/kg; kidney, 0.437 0.610 to 0.966 mg/kg and gut There was no significant variation (P concentrations for the tissues of T2 fish. Concentrations in T3 were 0.408 to 0.867 mg/kg 1.014 mg/kg for gill, 0.618 to 0.711 to 1.143 mg/kg for liver and 0.570 Muscle concentration was significantly lower (P than those of other tissues. T4 had the lowest metal concentrations with values fo range of 0.173 to 0.398 mg/kg, gill kidney, 0.250 to 0.437 mg/kg; liver and gut, 0.257 to 0.480 mg/kg. Final Cu concentration in T4 was lowest in the muscle and highest in the liver. Cu concentration was significantly affected (P treatments with higher values in the tissues of fish from the integrated treatments than in the control treatment. Figure 7 .
Concentration of Cd in the tissues of also determined. Muscle concentration in T1 ranged from 0.008 to 0.024 mg/kg while gill concentratio 0.019 to 0.039 mg/kg. Kidney concentration had a range of 0.025 to 0.043 mg/kg while concentrations in liver and gut were 0.025 to 0.063 and respectively. Cd concentrations were highest in the liver and lowest in the muscle in T1. The range of Cd concentrations in T2 were; muscle, 0.005 gill, 0.014 to 0.044 mg/kg; kidney liver, 0.032 to 0.071 mg/kg and gut, 0.011 Final Cd concentration inT2 was highest in the liver and lowest in the muscle. Cd concentration ranges in T3 were; muscle, 0.007 to 0.029 mg mg/kg; kidney, 0.033 to 0.070 mg mg/kg and gut, 0.016 to 0.060 mg in T4 were; 0.002 to 0.013 mg 0.028 mg/kg for gill; 0.0015 to 0.010 to 0.030 mg/kg for liver and 0.005 for gut. Final Cd concentration was highest in the liver and lowest in the muscle. Muscle, gill, kidney, liver and gut concentrations were significantly lower (P T4 than in other treatments, while kidney, liver and gut concentrations in T3 were significantly high than those of T1 and T2. for muscle, 1.563 to 5.600 mg/kg for gill, for kidney, 1.826 to 6.129 mg/kg for for gut. Zn concentration in muscle in T2 had a range of 1.630 to 7.341 while concentrations in gill, kidney, liver and gut had to 7.966, 2.836 to 12.080, 11.305 mg/kg, respectively. significantly higher (P < 0.05) than those of other tissues in T1 and T2. Ranges for Zn concentration in muscle in T3 was 2.646 to 9.738, gill, kidney, 4.470 to 13.640 mg/kg; mg/kg and gut, 4.007 to 11.538 kg. T4 had the following ranges for Zn in fish tissues: gill, 0.781 to 3.022 mg/kg; liver, 0.910 to 2.926 mg/kg 4.542 mg/kg. Values for Zn concentrations in the tissues of T4 were significantly 0.05) than those of other treatments. Final Zn concentrations in the five tissues of O. niloticus are Concentration of Cd in the tissues of C. gariepinus was also determined. Muscle concentration in T1 ranged from kg while gill concentration ranged from kg. Kidney concentration had a range while concentrations in liver and 0.063 and 0.010 to 0.040 mg/kg, respectively. Cd concentrations were highest in the liver and lowest in the muscle in T1. The range of Cd concentrations in T2 were; muscle, 0.005 to 0.025 mg/kg; kg; kidney, 0.018 to 0.055 mg/kg; and gut, 0.011 to 0.040 mg/kg. Final Cd concentration inT2 was highest in the liver and lowest in the muscle. Cd concentration ranges in T3 0.029 mg/kg; gill, 0.022 to 0.058 0.070 mg/kg; liver, 0.044 to 0.085 0.060 mg/kg. Cd concentrations 0.013 mg/kg for muscle; 0.009 to to 0.025 mg/kg for kidney; kg for liver and 0.005 to 0.022 mg/kg concentration was highest in the liver and lowest in the muscle. Muscle, gill, kidney, liver and gut concentrations were significantly lower (P < 0.05) in while kidney, liver and gut concentrations in T3 were significantly higher (P < 0.05) of T1 and T2. the following ranges in T1: muscle, 0.006 gill, 0.006 to 0.040 mg/kg; kidney, 0.003 to liver, 0.004 to 0.026 mg/kg and gut, 0.005 mg/kg. Final concentration was highest in the gill and lowest in the gut. In T2, Cr range was 0.008 mg/kg in the muscle, 0.010 to 0.057 mg/ 0.008 to 0.034 mg/kg in the kidney, 0.005 in the liver and 0.007 to 0.038 mg/kg in the gut. Ranges in T3 were; muscle, 0.011 to 0.058 mg/kg; gill, 0.010 to 0.067 mg/kg; kidney, 0.008 to 0.053 mg/kg; liver, 0.014 to C. gariepinus tissues.
C. gariepinus tissues.
C. gariepinus tissues.
to 0.028 mg/kg; to 0.036 mg/kg; 0.005 to 0.020 kg. Final concentration was highest in the gill and lowest in the gut. In T2, Cr range was 0.008 to 0.039 0.057 mg/kg in the gill, kg in the kidney, 0.005 to 0.043 mg/kg kg in the gut. Ranges in T3 were; muscle, 0.011 to 0.058 mg/kg; gill, 0.010 to 0.067 mg/kg; kidney, 0.008 to 0.053 mg/kg; liver, 0.014 to 0.058 mg/kg and gut, 0.009 concentration in T4 ranged from 0.014 to 0.057 mg gill, 0.021 to 0.093 mg/kg; kidney liver, 0.013 to 0.074 mg/kg and gut The highest concentration in T4 occurred in the lowest was in the muscle. Cr concentrations were significantly affected (P < 0.05) by higher concentrations occurring in the T4. Profile of Cr concentrations under the different treatments is in Figure 9 .
Range of Cu concentrations in the tissues of gariepinus in T1 were; muscle 0. to 7.296 mg/kg in the gut. Range of values for tissue concentrations of Mn in T3 were; muscle, mg/kg; gill, 2.611 to 11.560 mg/kg; kidney 1.014 12.284 mg/kg; liver, 2.151 to 14.155 mg/kg 1.600 to 9.570 mg/kg. Tissue concentrations in T4 had ranges of 0.164 to 0.720 for muscle, 0.209 gill, 0.260 to 1.088 for kidney, 0.329 to 1.167 for liver and 0.157 to 0.782 mg/kg for gut. Mn concentrations in all tissues of T3 were significantly higher (P < concentrations in corresponding tissues of other treatments. Figure 12 profiles the final Mn concentrations in the various tissues.
Zn concentration in C. gariepinus from T1 had ranges of 0.420 to 2.750 mg/kg for muscle, 0.561 for gill, 0.840 to 4.512 mg/kg for kidney, 0.628 mg/kg for liver and 0.431 to 2.673 for gut mg concentration in C. gariepinus muscle in T2 had a range of 0.517 to 3.066, while concentrations in gill, kidney, liver and gut had concentration ranges of 0.632 1.039 to 7.930, 0.835 ( 2002). The gills and gut of fish are the main sites for heavy metal uptake (Annune and Iyaniwura, 1993 ) the liver and kidney are known to accumulate high amounts of metals (Gbem et al (2011) , in a study of metal concentrations in tilapia, stated that the average concentrations of Pb in different fish organs, like liver, gills, muscles and kidney were 60.7, 141.7, 39.7 and 276 ppb kidney accumulated the highest concentrations muscles accumulated the lowest. niloticus from the four treatments highest in the kidney (except in T1 which had the highest concentrations in the liver) and lowest in the muscle. Cr concentrations in all the treatments were highest in the gills and lowest in the muscles for T1, gut for T2, liver for T3 and T4. Cu concentrations in all the treatments were highest in the liver and lowest in the muscles. Pb concentration in O. niloticus was highest in the kidney in T1 and T4 and lowest in the muscle. But in T2 and T3, liver concentrations were highest concentrations were in the muscle. Mn concentrations were highest in the liver in the integrated treatments had the highest value in the kidney tissue of T4, the control. The lowest Mn concentrations occurred in the muscle in all the treatments. Zn concentrations were higher in the kidney of O. niloticus tissues, while the muscle had the lowest concentrations in the treatments except in T4, where the lowest concentration occurred in the liver. study of heavy metal concentrations in the muscles of niloticus from Kelana Jaya Fish that Cd and Zn had ranges of 2.42 80.5 mg/kg, respectively.
Final Cd concentration in C. gariepinus was highest in the liver and lowest in the muscle for all the treatments, but for Cr, the highest concentrations were in the gill and the lowest concentrations were in the gut with exception of T4 which had the lowest concentration in the muscle. Final Cu concentration was lowest in the muscle in T1, T2 and T4 the lowest concentration of Cu in T3. The highest Cu concentrations in the treatments were T1, gill; T2 and T4, Nnaji et al. 97 10.133 and gut 0.703 to 7.849 kg. T4 had the following ranges for Zn in fish tissues: gill, 0.296 to 1.692 mg/kg; liver, 0.322 to 1.607 mg/kg 1.420 mg/kg. Values for Zn concentrations in the tissues of T4 were significantly 0.05) than concentrations of the same tissues in the integrated treatments. Final Zn concentrations in C. gariepinus are profiled in Figure 13 . as reliable indicators of metal pollution because absorb or ingest metals in waterbodies. The concentration of a metal in an organism is the product of equilibrium between the concentration of the metal in an organism's environment and its rate of ingestion and excretion (Idodo-Umeh,
The gills and gut of fish are the main sites for heavy metal uptake (Annune and Iyaniwura, 1993) , while e known to accumulate high amounts of metals (Gbem et al., 2001) . Abdel-Baki et al. (2011) , in a study of metal concentrations in tilapia, he average concentrations of Pb in different liver, gills, muscles and kidney were 7, 141.7, 39.7 and 276 ppb, respectively and that the kidney accumulated the highest concentrations, while the muscles accumulated the lowest. Cd concentration in O.
from the four treatments in this study was highest in the kidney (except in T1 which had the highest concentrations in the liver) and lowest in the muscle. Cr concentrations in all the treatments were highest in the gills and lowest in the muscles for T1, gut for T2, liver for T4. Cu concentrations in all the treatments were highest in the liver and lowest in the muscles. Pb was highest in the kidney in T1 and T4 and lowest in the muscle. But in T2 and T3, liver concentrations were highest, while the lowest concentrations were in the muscle. Mn concentrations were highest in the liver in the integrated treatments, but had the highest value in the kidney tissue of T4, the control. The lowest Mn concentrations occurred in the nts. Zn concentrations were O. niloticus as compared to other while the muscle had the lowest concentrations in the treatments except in T4, where the lowest concentration occurred in the liver. Yap et al. (2004) in a of heavy metal concentrations in the muscles of O. Fish Ponds, Malaysia, stated that Cd and Zn had ranges of 2.42 to 4.48 and 58.4 to C. gariepinus of this study was highest in the liver and lowest in the muscle for all but for Cr, the highest concentrations were in the gill and the lowest concentrations were in the gut with exception of T4 which had the lowest scle. Final Cu concentration was lowest in the muscle in T1, T2 and T4, while the gut had the lowest concentration of Cu in T3. The highest Cu concentrations in the treatments were T1, gill; T2 and T4, kidney; and T3, liver. Pb concentrations were higher in the kidney in T1, T3 and T4, while the highest Pb concentration in T2 occurred in the liver. Muscle concentrations of Pb had the lowest values in all the treatments. Mn concentrations had the highest values in the liver and the lowest values in the muscle, while Zn was more concentrated in the kidney in all the treatments except T2 which had the highest value in the liver.
It can be concluded that tissue metal concentrations for both species were generally lowest in the muscles and highest in the kidney and liver. Obasohan et al. (2008) analysed C. gariepinus Offal, gills, liver and muscle for Cu, Zn, Mn, Cd, Cr, Ni and Pb concentrations and concluded that tissue metal levels exhibited no particular trends, but seemed to be higher in offal and gills. Ekwu (2010) in a study of the distribution of Pb, Cd, Fe and Zn in the tissues of tilapia and C. gariepinus from a tidal fish farm, observed that the mean levels of heavy metals in gills, muscle, liver and intestines of catfish were Pb: 2.39 ± 1.24; Cd: 0.87 ± 0.83; Fe: 3.96 ± 1.55; Zn: 8.15 ± 3.18, while the mean levels in Tilapia were Pb: 0.035 ± 0.002; Cd: 0.61 ± 0.05; Fe: 1.09 ± 0.61; Zn: 2.17 ± 0.53 mg/kg. There were higher concentrations in liver, gills and muscles of Clarias than in Tilapia. In this study, Cd concentrations were higher in the muscles and liver of O. niloticus than in the same tissues of C. gariepinus. However, Cd values in gills, kidney and gut of C. gariepinus were higher than those of O. niloticus. Cr concentrations were generally higher in the tissues of O. niloticus than in the same tissues of C. gariepinus. There were no clear trends when Cu concentrations in the muscles and gills of the two species were compared, but Cu concentrations in the kidney, liver and gut of O. niloticus were generally higher than that of C. gariepinus. Pb concentrations in the tissues of C. gariepinus were higher than in the same tissues of O. niloticus, except in the muscle tissue which had higher values in the later. While Mn concentrations in the tissues of C. gariepinus were higher than in the same tissues of O. niloticus, the reverse was the case for Zn concentrations which were higher in the later.
The FAO (1983) limits for Cd, Cu, Pb and Zn in fish muscle are 0.5, 30, 0.5 and 30 mg/kg respectively. The European Union (2001) limits for Pb and Cd are 0.2 and 0.05 mg/kg wet weight, respectively. Concentrations of these metals in the tissues of O. niloticus were all below the FAO and EU limits except for Cd contents in the liver of fish in T2 and in the kidney, liver and gut of fish in T3 which received the highest chicken waste input. Metal contents in C. gariepinus were below FAO limits except Pb content in the kidney of C. gariepinus in T3 which was higher.
Final Pb contents in the tissues of the same fish in all the treatments were higher than the EU limits with the exception of the muscle tissue in T1 and T4 which had lower values than the standard. Cd contents in the tissues of C. gariepinus from all the treatments were generally higher than the EU limits, except the muscle tissues which had lower values.
Conclusion
Physico-chemical parameters were generally favourable in the four treatments of the experiment. Water temperatures were generally within the recommended ranges for optimum growth and survival of the two fish species. There were no great pH variations and pH values were generally within the desirable range for fish culture, but DO values were in many cases, less than this recommended lower limit, especially in the integrated treatments.
The nitrate, nitrite and ammonia concentrations in T3 exceeded the recommended benchmarks and this led to the relatively high mortality rate of O. niloticus in T3. Indeed, water quality parameters were more adverse in T3 and O. niloticus production was higher in T2 than in T3 despite the fact that the later received higher manure and spilled feed loading.
Metal concentrations in fresh chicken manure showed a high monthly variation as compared to metal concentrations in chicken feed and compounded fish feed. Tissue metal concentrations for both species were lowest in the muscles and highest in the kidney and liver. Concentrations of Cd, Cu, Pb and Zn in the muscles of O. niloticus were all below the FAO (1983) and EU (2001) limits. However, Cd concentration in the liver of O. niloticus in T2 and in the kidney, liver and gut of fish in T3, were above the limits. Final Pb concentrations in the muscles of C. gariepinus in T2 and T3 were higher than the EU limits except a health risk is observed in humans if fish from such systems are consumed.
Final metal concentrations in the muscles of both fish species, T1 (2000 chickens/ha) and T4 (the control) were below international limits and the consumption of fish muscle from such systems operating within the combination ratio and culture period used for this study is considered safe. However, there is risk of Pb concentrations accumulating above the recommended levels in C. gariepinus at 3000 chickens/ha and above.
